Animals eat different amounts of different diets, which implies that they recognize some quality or qualities of the diet. Both Cowgill' and Adolph1 were aware of this problem, but no one appears to have made a systematic attempt to define the dietary quality recognized by animals. Both of these workers were led to the opinion that their animals seemed to "eat for calories," i.e., for energy. However, the mechanisms by which animals achieve caloric balance have never been elucidated. Since Richter' has shown that a rat's eating is periodic, the total amount of food eaten must depend upon (i) the amount of food taken at each meal, and (ii) the frequency of meals. At the time of eating, some "intrinsic food factor"t must operate to produce a change in the animal which is the signal to the animal (conscious or unconscious) to stop eating. During this meal the intake of this factor up to a constant amount, or in an amount which will produce some constant change in the animal, will take precedence over other qualities of the diet. During the non-feeding interval some other change, or perhaps the same change in the opposite direction, must prompt the animal again actively to seek food. This concept does not imply that the factor is a specific component of the diet (in the chemical sense), although this possibility has not been ruled out. It seems perhaps more logical to expect that
some general quality of the diet, related to several or all of the components, is the important factor.
Other investigations have been concerned with the r6le of the stomach"2"' and of the central nervous system" f ' ' '6 in the regulation of food intake. It is now well established that bilaterally symmetrical lesions in the hypothalamus without anatomical or functional damage to the hypophysis can produce either overeating' or failure to eat' in experimental animals. The overeating leads to obesity as a result of positive energy balance produced by the large increase in food intake, to which decreased activity may contribute in a small way. The mechanism of this hyperphagia remains obscure, but it appears that it may represent the "consequence of a particular type of failure in the mechanisms which regulate energy exchange."' Since the appearance of a review of this subject,' the published reports of Brooks and his co-workers,'" of Bruce and Kennedy,"' " and of Miller, Bailey, and Stevenson" have further clarified the nature and certain of the metabolic consequences of this type of obesity.
The experiments reported here were designed to investigate the following: (i) the nature of what may be called the intrinsic food factor, which was studied by changing the diet in various ways and measuring the effect of these changes on three physiological variables, viz., body weight, food intake, and water intake; and (ii) the role of the central nervous system in the physiology of the urge to eat, which was studied by comparing food intake after dietary changes in normal rats and in rats with hypothalamic lesions. The data obtained indicate that the intrinsic food factor cannot be any of the obvious dietary constituents, including caloric value. We suggest that this factor may be the specific dynamic action of the food. In rats with hypothalamic lesions the regulation of food intake in response to dietary changes was found to be abnormal, suggesting that there was a failure to respond to the intrinsic food factor. EXPERIMENTAL STUDY
SHORT-TERM EXPERIMENTS IN NORMAL RATS
A number of variables complicate the interpretation of records of food intake in animals observed over a long period of time. For example, the metabolic state of an animal is influenced by its dietary history," while food intake, in turn, is affected by the metabolic state." In order to try to first 24 hours following change of diet, but for the purpose of these experiments such changes have been considered insignificant.
If food intake is regulated through the intake of some intrinsic food factor, there must be some definite quantitative relationship between the amount of food eaten, and either the quantity of the factor ingested, or the magnitude of the changes induced in the animal by the intrinsic factor. With a constant metabolic state, as in these short-term experiments, the animal's reaction to the food factor is presumably also constant. Consequently, the amount of food eaten should reflect in a quantitative way the intake of the intrinsic factor; and in spite of changes in composition of the diet, the intake of the factor should be expected to remain constant. In the following experiments, measurements were selected in an attempt to identify the intrinsic food factor by determining which component or quality of the diets was taken in a uniform quantity as the composition of the diet was altered.
METHOD
Sprague-Dawley and Yale strain rats, both male and female, were used for these experiments in groups of 12 to 60 animals. The average weight of the rats used varied from 200-450 grams, but the rats in any one group varied no more than +20 grams from the group average. The groups were kept in a constant temperature room at 850 F. in large cages, 12 or fewer rats of the same sex to a cage, with ad libitum supplies of calf meal* and of water. Animals were removed from the large cages in groups of 8 to 24 rats of the same sex, strain, and size, and placed in small cages in this constant temperature room for a period of not more than 24 hours, usually 18 hours for convenience, where ad libitum food and water intakes were recorded following experimental manipulation of the diet by the addition of various substances. After each experiment the group was returned to the large cage and not used again for one week. Since a 7-24-hour period of fasting prior to the experimental procedures decreased the intragroup variability without influencing the major results, this procedure was employed in all but the initial experiments.
RESULTS
Varying amounts of fat (lard or olive oil) were added to the calf meal diets of rats, increasing the percentage of fat, the caloric density, and the "oiliness" of the diets. (The vitamin content, protein and carbohydrate content, and the content of other specific nutritional components were proportionately decreased. Table 1 ). The high energy value of fat produced large enough changes in the caloric density of these diets so that any Gm.
(24-hour pre-fast).
Approx. It was possible to ascertain that the varying "oiliness" of the diets did not influence the results by carrying out several experiments in which a non-nutritional oil was used to control this factor. Olive oil and mineral oil, or lard and vaseline, were added to produce a constant amount of added oil while varying the proportion of added fat. The inert oil, acting as a bulk substance, did not influence the effect of the added utilizable fat, and, as in the previous experiments, the caloric and fat intakes increased in proportion to the amount of olive oil or lard added.
Certain unsettled questions posed by these experiments were answered by later experiments (reported in detail below), viz: a. The fairly low fat content (3.5%) of the stock diet (calf meal) raised the question of a specific fat hunger in these experiments. In later experiments of longer duration a calf meal diet was fortified with 5% added lard before a change to a 50% lard diet. The results on the first day after such a change were the same as those reported here.
b. The possibility that the added fat was excreted in the feces was considered. Feces of animals on high fat diets did not appear more greasy or larger in bulk than the feces of the controls. Data on fecal fat excretion obtained in long-term experiments indicated that the large caloric and fat intakes of the rats on high fat diets in these 18-hour experiments could not have been dependent on immediate or subsequent excretion of fat in the feces.
c. In the long-term experiments the diets were fortified with vitamins and minerals in several experiments. During the first day of these experiments the results were not different from those of the 18-hour experiments. It would seem unlikely, therefore, that vitamin or mineral deficiencies modified these results.
In experiments similar to those using fats, either water, a cellulose product (Fisher Ruffex), carbohydrate (dextrose, arrowroot starch, lactose), or protein (casein, purified pancreatic protein) was added to the calf meal diet of rats. When calf meal was diluted with two parts of water by weight, the caloric intake in the first 18 hours was 30%o greater on the dilute diet than on the control diet. The 18-hour weight gain was also larger, and both of these values were statistically significant. With up to (Table 3) . I 15%o added Ruffex (by weight) the gram intake was increased so that the intake of nutrients and calories as calf meal was maintained constant. At higher levels of added Ruffex, the increase of gram intake in this 18-hour experiment was not adequate to maintain constant caloric intake. The caloric intake of rats on diets containing up to 75% added arrowroot starch or dextrose was not significantly different from controls, and their gram intake was only slightly less than controls, a difference which was of borderline significance. Animals on 40%o lactose diets consumed 78%o of the calories of controls, a depression which was statistically significant. This difference between lactose and other carbohydrates has been observed previouslys and has not been entirely explained. Rats on diets of 40%o and 50%o pancreatic protein or casein ate 88%o and 61%o respectively of the caloric intakes of controls, differences which were significant. The corresponding gram intakes were 78%o and 53%o of controls. In all of these experiments the specific nutritional component being added was taken in significantly increased amount.
LONG-TERM EXPERIMENTS IN NORML RATS
At the time the observations on food intake in the immediate 24-hour period following dietary change were being made, it seemed desirable to extend the observations in order to include data on food intake over a longer period of time after dietary change, and in order to study the adaptive phenomena which might occur. In the following experiments the food intake of rats adjusting to dietary changes over 22-24 days was studied.
METHOD
Two sets of experiments were run in successive months. In the first, slowly growing Sprague-Dawley male rats (average weight, 222 grams at the beginning of the experiment) were used. In the second, rapidly growing Sprague-Dawley male rats (average weight, 101 grams at the beginning) were the subjects. On arrival, each group was maintained, 12 rats to a cage, with ad libitum supplies of calf meal and water, for an acclimatization period of 10-14 days in a constant temperature room at 850 F. The rats were divided into groups on a basis of weight, 8 groups of 6 rats for the 222 gram rats, 5 groups of 9 rats for the 101 gram rats. Each experimental group was housed in the same room at 850 F. in its own large cage with ad libitum feedings of its experimental diet and continuously available water. On days 1, 7, 14, and 21 of the experiment, half of each group of 222 gram rats (i.e., 3 rats) had their food intake and water intake recorded for 24 hours (5 p.m. to 5 p.m.) by moving them to individual cages for this period. The other half of each group was treated similarly on days 4, 11, 18, and 24. The intakes for the 1st and 4th days were averaged, as were those of the 7th and 11th days, the 14th and 18th days, and the 21st and 24th days. All of these rats were weighed on days 0, 4, 10, 17, and 24.
The immature, rapidly growing rats were similarly handled. Food intake for half of each experimental group was measured on days 2, 4, 10, 17; for the other half, on days 3, 5, 11, 18. Days 2 and 3 were combined, as were also days 4 and 5, 10 and 11, and 17 and 18, respectively. They were all weighed on days 0, 9, 17, and 22.
The basis for all diets was calf meal to which one of the following was added: Ruffex, water, lard, arrowroot starch, casein, and cane sugar. Supplementary vitamins and minerals were added to all diets. Composition and analysis of the diets to which fat or carbohydrate was added are given in Table 3 . Table 3 ) was included in the calf meal diet of separate groups of rats for 24 days. Data for food intake and final body weight are given in Table 4 and Figure 2 . The following results are evident from a comparison of the three groups of adult rats: (a) The total gram intake of the groups varied in inverse proportion to the caloric density of the diets. The groups averaged the same caloric intake, although deviations from this average were noted during the first few days of the experiment. (b) Weight gain was independent of the caloric intake when the three groups were considered together. Caloric efficiency ratios (grams gained/day per kcal./day) were: found after three days. The rats given the casein diet were apparently able to utilize a high percentage of caloric energy supplied as protein without inefficiency. When a calf meal diet not enriched with vitamins and minerals was compared with the enriched control diet under these same circumstances, no differences in weight gain or food intake were observed, indicating that calf meal is probably an adequate diet with regard to these substances and the variables measured.
Rapidly Food intake and hypothalamic hyperphagia l STROMINGER, BROBECK, CORT (Diets 10, 12, Table 3 ) was included in the calf meal diet of four separate groups for 22 days. Data for food intake and final body weight are given in Table 5 and Figure 3 . The following are evident from a comparison of these five groups of younger rats: (a) The gram intake of the groups varied considerably. The caloric intake of the rats on high carbohydrate diets was about equivalent (Fig. 4) and to no other constant factor. The age and size of the animal influenced the efficiency of protein utilization (Fig. 4) as well as the availability of dietary carbohydrate previously mentioned. (b) The ''caloric adjustment" of the slowly growing rats receiving a high fat diet was noteworthy ( Fig. 2) . This "adjustment" did not occur immediately, but occurred in time, within the first seven days after dietary change. The more rapidly growing rats on high fat diets took did not make this adjustment of caloric intake (Fig. 3) . The increased need of these animals for protein apparently affected the mechanisms of regulation of food intake, and is another example of the influence of the rat's metabolic state on the regulation of food intake.
A more precise definition of the adjustment to this type of dietary change was obtained by feeding 20 slowly growing rats on diets containing 5%o lard during a control period, and then either 25%o or 50%1o lard diets during an experimental period. The observed caloric adjustment occurred in from two to six days in 16 of the rats (Figs. 5 and 6 ). Four of the 20 animals failed to make the adjustment in the time studied (13-19 days 
RATS WITH HYPOTHALAMIC

LESIONS
The experiments reported above define the types of regulation made by normal rats to certain experimental conditions. This section deals with experiments which attempt to define the type of regulation made by animals with hypothalamic hyperphagia under certain of these same conditions. Fat, cellulose, and water content were so studied.
METHOD
The female rats utilized for these experiments were kept in the constant temperature room at 850 F., on ad libitum calf meal and ad libitum water for at least two weeks prior to operation. Lesions inducing hypothalamic hyperphagia were placed with the grams at the time of operation. Postoperatively the animals were generally maintained on calf meal ad libitum and water ad libitumn, and were utilized for experiments after varying intervals. Except as indicated, all of the rats which survived the operation were used in an experiment, whether or not they became obese.
RESULTS
Two weeks after hypothalamic operation, having been fed calf meal ad libitum, a group of eight Yale female rats was placed on a diet of 50% lard and 50% calf meal ad libitum for . 'days with no evidence of a nor-. 200 mal response during that time.
The animals with less effective le-. 1 .
, ' 6 sions showed tendencies toward AU)GUST, 1946 24 the normal type of adjustment, hypathalamic esians May,1946 but abnormally increased caloric FIG. 10. When 25%o Ruffex was added to intake always occurred. All of the the diets of rats with hypothalamic lesions, animals, even the one with an intheir caloric intakes were markedly de-effective lesion, showed an accreased. These rats also lost weight rapidly during the period of feeding of the Ruffex celeration of the rate of weight diet. (D13 subsequently became very obese gain, the degree being proporand D16 became,slightly obese.) tional to the degree of increase in caloric intake. Following refeeding of the calf meal diet, all of the animals showed a depression of food intake. Some of the rats recovered from this rapidly within three to six days, while others exhibited a very slow increase of caloric intake which never attained the level the animal had shown prior to receiving the high fat diet (Figs. 7-9 ). Additional observations1" have revealed that a high caloric intake was maintained for as long as three weeks in several animals, while in the experiments of Lundbaek and Stevensone it was maintained for as long as five weeks.
After a period of one month on calf meal these same rats were presented with a diet of 75%o calf meal and 25%o Fisher Ruffex for six to seven days.
The volume of this diet was 1.7 times calf meal for equal weights. The gram and caloric intakes of all the rats were depressed during this period, and they all lost weight. On refeeding calf meal, with one exception, each of the rats immediately consumed the intake of calf meal it had had prior to the addition of Ruffex (Fig. 10 ). Since Adolph' has shown that there is a limit of bulk which the gastro-intestinal tract can handle, a partial explanation of these results may be that rats with large calf meal intakes reached the limits of their tolerance to bulk when Ruffex was added to their diets. However, since even the rats which were becoming obese but slowly and whose food intakes were in a more normal range did not increase their intake when Ruffex was added to the diet, some mechanistic fault, the result of the lesion, may also have been present. When a diet of ground chow pellets diluted with an equal part of water (1: 1) was further diluted with two parts of water (1: 2) and then with three parts of water (1: 3), the calculated dry food, caloric, and water intakes and body weight gain were unchanged for two obese rats, selected from a large group, and for their two normal controls.
DISCUSSION
These data describe the adjustments of food intake in normal rats after several kinds of dietary change. When fat, carbohydrate, or protein was added to the diet of rats, increased intake of each added component occurred. Several experimental situations in which normal rats did not maintain a constant caloric intake were found. For example, when slowly growing rats were fed diets of high caloric density, high in fat and suboptimum in protein, they had in the initial period an abnormally high caloric intake; "caloric adjustment" to the level of caloric intake on the control diet occurred over a well-defined course of four to five days. In rapidly growing rats, abnormally high caloric intakes on high fat diets were observed throughout a 22-day experimental period. In the experiments of Cowgill,' the described "caloric adjustment" occurred in periods of eight days or longer in grown dogs receiving a high fat diet, more optimum in protein content than those of the present experiments. The present data, however, appear to exclude the caloric content per se, as well as the fat, carbohydrate, or protein content, as the intrinsic food factor which rats invariably recognize. We suggest that the specific dynamic action of the food may be an important intrinsic food factor, and have discussed this idea elsewhere, together with a new hypothesis of the mechanism of regulation of food intake (Strominger and Brobeck, Yale J. Biol., 1953, 25, 383-390) .
These experiments indicate, with those being performed at the same time by Adolph,' that dilution of the diet with water in moderate amounts has no influence on growth or on food intake of normal rats, although food intake is augmented for a very short period (greater than 24 hours and less than 3 days) following dilution. The contradictory results of Archdeacon and Allen8 who performed the same experiment in dogs were obtained under conditions in which the daily feeding period was limited to 30 minutes. Under these conditions the calculated dry food intake on a wet diet (1: 1) was greater than on a dry diet (1:0) when measured over a 15-day period.
The addition of a non-nutrient diluting substance, within limiting amounts, also appears to have no effect on growth, or on food intake exclusive of roughage. In these experiments a gradual adjustment to dilution of the diet with cellulose occurred during the first three to four days. These results are in conformity with those of Adolph1 who showed that up to 25%o roughage added to the diet produces no change in body weight, or food intake exclusive of roughage, but that 30% bulk may permanently interfere with the food intake of the rat. This conclusion is supported by other observers.1'-Only under extreme and limiting conditions does bulk become an important factor in the regulation of food intake; consequently, under the conditions of our experiments, the rat must be recognizing some quality of the diet other than, or in addition to, bulk. Davis and Briggs' and Woolley and Sprince' substituted roughage for glucose and, for up to 20%o roughage added to synthetic diets, found a slight increase in weight gain. Bearse, Miller, and McClary' substituted 12%o roughage for ground corn in a mixture of natural foodstuffs and found a slight decrease in weight gain. These controversial reports may be ascribable to a change in the percentage composition of the diet in calories which in itself may positively or negatively influence food intake and weight change.
Why did the rats offered protein-deficient diets in these experiments, and those of many other workers, fail to gain weight at a normal rate? On ad libitum feeding, all the rats needed to do to obtain the additional protein required for growth was to consume more food. An important reason for the stunted growth was that the rats on these protein deficient diets stopped eating before they took in the amount of protein required for normal growth. In those experiments involving a suboptimum concentration of dietary protein, the body weight of the rats was governed by the total protein intake and influenced by the way in which the metabolic state of the animal affected the use of that protein; that is, it appeared to be influenced by factors which might determine whether the amino acids were to be utilized for protein synthesis, or deaminated and utilized for gluconeo-genesis. Under these conditions, body weight was independent of caloric intake. Harte, Travers, and Sarich' and Hegsted and Haffenreffer3' have noted that body weight gain and growth appear to be "accidents" associated with the food intake of the animal.
What did the rapidly growing animals on high fat diets do with the huge excess of calories which they took in over a long period of time? What did the slowly growing rats on high fat diets do with the excess they had in the first few days? (Actually, the slowly growing rats had an excess during the whole experimental period. They matched the caloric intake of controls throughout, but the controls grew more rapidly and soon became much heavier.) Some of the extra calories may actually have been stored despite the smaller weight gain. That is, the storage of fat at 9 kcal./gm. would produce the same weight gain as the storage of protein or carbohydrate at 4 kcal./gm. Thus, a difference in composition of tissues stored can account for apparent discrepancies in the number of calories producing equal weight gain.3' While this may be a partial explanation,"1 increased fat deposition, or difference in appearance of tissues, has never been noted in carcasses of these animals. A second explanation is that these rats disposed of extra calories in the form of heat lost from the body, although incomplete data collected by us would indicate that large deviations, in basal body temperature at least, were not present.
Forbes, Swift, et al.," '-'-3 have found that on a constant protein intake the percentage of additional calories supplied as fat may in a small way influence weight gain; this is presumably related to increased efficiency of utilization (low SDA) of diets high in fat content. Ring' does not agree with this interpretation and believes that a high percentage of fat does not lower the SDA of diets. Lundbaek and Stevenson3' and Deuel and his coworkerse7 '- also report the favorable influences of high fat diets on body weight. The diets of French, Black, and Swift' are similar in composition to Diets 10 and 11 of our experiments, and their results are in no way contradictory to those presented in Figure 4 . When the animal is regulating its own food intake under conditions supplying suboptimum amounts of protein, the amount of protein it is able to ingest (and this is influenced by all the other constituents of the diet) appears to be the most important factor regulating weight gain. According to the above mentioned workers, under conditions providing equal amounts of protein, weight gain is enhanced if a high percentage of the non-protein calories is available in the form of fat.
Rats with hypothalamic lesions designed to produce hyperphagia increased their caloric intake when fed high fat, high caloric density diets whether or not the lesions had been effective in producing hyperphagia. Their food intake was depressed when they were fed bulk diluted, low caloric density diets. The adjustments of food intake which occurred in normal rats in response to these dietary changes did not occur in rats with hypothalamic lesions. These data suggest that a physiological deficit in rats with these lesions may be a failure to recognize the change in the organism produced by the ingestion of food. These rats do, however, have the temperamental abnormalities which have been reported in cats with hypothalamic lesions,' and it is perhaps plausible that food preference or rejection might be responsible for some of the observed effects. SUMMARY 1. Experiments designed to investigate the quality of food (intrinsic food factor) which is important in regulation of food intake have been performed. The dietary regulations made by normal rats following dilution of a stock diet with fat, carbohydrate, protein, water, and cellulose, both in the first day following dietary change and in long term experiments, are described. Increased intake of each added component occurred.
2. Following dilution of the diet with fat, caloric adjustment did not occur in the first day following dietary change in slowly growing rats, nor in either short or long term experiments in rapidly growing rats. These data appear to exclude caloric value as the intrinsic food factor which rats invariably recognize.
3. Rats with hypothalamic lesions deigned to produce hyperphagia did not adapt their food intake in the manner of normal rats when their diets were diluted with fat or with cellulose. These deficits in the regulation of food intake were present whether or not the lesions were effective in producing hyperphagia.
